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SECTION I

SCOPE OF THE INVESTIGATION

A. General Nature of the Problem.

The present report is a summary of the investigation

under Contract No. DA-18-064-404-CML-495, on:

1. the synthesis of fluorescent compounds to deter-

mine which of these will react rapidly with small amounts

of protein and/or nucleic acids.

2. the preparation, purification and characteriza-

tion of oxidation-reduction indicator dyes* such as the

tetrazolium salts, so that their applicability with res-

pect to the detection of aerosolIzed bacteria can be

studied.

Earlier work by the author Indicated that fluorescent

compounds can be used to detect organic compounds below

the microgram range (1 x 10-6 g.)(1,2). Therefore, it

seemed desirable to Investigate compounds which on the

basis of their structure are expected to show an Intense

fluorescence. Such compounds may be used to attach react-

Ive groups which can react with proteins and/or nucleic

acids and give either an Increase, shift or quenching of

their fluorescent intensity..

Also earlier work by the author at Synthetical Lab-

oratories, Chicago, Illinois, and at Brooklyn College

(after 1950) has been concerned with the synthesis and

DA-18-064-404-CML-495



properties of tetrazolium compounds and their application

to viability of seeds, detection ,of malignancy In neoplas-

tic tissues, reducing enzymes and in general, reducing

functional groups of organic compounds# However, .no sys-

tematic and accurate workg has I4een done on the redox

potentials of these types of compounds which would help

one to predict the structures that would give extreme

sensi.tivity of detecting viability or living organisms.

B Speciffc Objectives of the Iovestfoatfon,

1. To synthesize and study the properties of

phthelein type of compounds

T2. o synthesize and study the properties of the

sulfonphthelefln type of compounds.

3. To synthesize and study *the properties of the

fluorescefn type of compounds

4, To synthesize and study the properties of tet-

razolfum salt type of compounds and their corresponding

formazans

DA-18-064-404-CML-495



SECTION II

SELECTION OF EXPERIMENTAL METHODS

A. Preparation of Phthaleins. Sulfonphthaleins and

Flugrescei ns.

The general method employed throughout Is to con-

dense aromatic anhydrides of dicarboxylic acids, as for

example, phthalic anhydride with an aromatic phenol.

Phthallc anhydride, chlor',-, and bromo-substituted

phthallc anhydrides, 2-sulfobenzoic acid anhydride, and

halogen-substituted g-sulfobenzolc acid anhydrides were

used, A large variety of monocyclic phenols, with var-

ious substituents were used as discussed In Sections III

and IV.

The condensation procedure was to heat 1 mole of the

anhydride with slightly more than 2 moles of the phenol

both in the presence and the absence of condensing agents

such as concentrated oulfuric acid and anhydrous zinc

chloride. It was found that the latter gave better results

than heating without a catalyst or sulfuric acid, Typical

preparations are described in Sections III and IV.

The melt from the condensation was boiled with water

so as to disintegrate the mass and remove the catalyst,

then dissolved in 5% sodium hydroxide and the phthalein,

sulfonphthalein or fluorescein precipitated by the addition

of dilute hydrochloric acid to pH 1.0. The product was

then filtered, dried and used for screening directly as

DA-18-064-404-CML-495



described in Section III, In the screening test for fluor-

escence. Those compounds which showed appreciable fluor-

escence with dilution were selected for further study.

R. Method-for Raoid Screening fbr Fluorescence.

The compound was dissolved: (a) in 0.1 N NaOH;

(b) chloroform; (c) ethanol so as to give first a concen-

tration of I mg/ml. Then it was diluted with the same

solvent in order to make Solutionsacontaining 1 hg/ml. or

less. A sample solution was placed In a 6-Inch tube and

Irradiated from tie stide with a UV-hand lamp (O660 A) (3)

and the dilutlon at which fluorescence disappeared noted.

From these tests the lower limits, expressed In micrograms/

milliter, of-the compound at which It gives a noticeable

fluorescence was determined.

C. Accurate Methgd for Determinatlon of RelIatIe Flu or-

In the first eight months of the investigation a Far-

rand Spectrofluorometer was used. In the last 12 months

of the investigation an Aminco-Bowman Spectrophotofluoro-

meter was employed. Each Instrument has some advantages

and also some disadvantages.

The advantages of the Aminco over the Farrand are:

1. Engineering- more compact unit.

2. Lamp - 1000 hours for the blower-cooled Aminco ouram

lamp while only 100 hours for the Farrand.

-4-•
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3. Slit changing: the Farrand monochromators must be open-

ed to change slits.

4, Wavelength changing: the Farrand has a gear system

that has only two speeds and Is subject to jamming.

5. Power supplys Battery for the Farrand versus line

operated for the AmInco.

6, Controls: either the recorder or the microammeter

may be used, but not both together In the Farrand.

7.Cu.vet size: the standard size for the AmInco It

1j. 5 x 1 x 4A cm. while the standard size for the

Farrand Is JP x x !P cm.

8, Irradiation: there is a shutter arrangement on the

AmInco allowing the sample to be irradlated only when

desired,.

The. advantages of the Farrand Instrument are:

1, Filters: a primary filter may be used without any

modification,

2, Placement of the lamp: the lamp is far enough re-

moved to prevent any warming of the sample.

The compounds on which accurate measurements of

fluorescence were made were fractionated by several

methods so as to obtain fractions which had a higher

purity than the crude products first obtained by the

condensations.

The general method for determining the relative

fluorescence of a sample was to prepare a solution In

0.1 N NaOH so as to obtain a solution of I mg/ml, then

""5wDA-18-O64-040-CML-495



to dilute successively with 0.1 N NaOH until the resulting

solution gave about the same Intensity as the blank,

Ordinary distilled water was used at first but the

blank was erratic. The procedure adopted was to prepare

triple distilled water and use this in preparing the 0.1 N

NaOH solution.

The Instrument was standardized by using quinine die-

solved In 0.1 N H2S04 at 10 1ig/mi. and taking serial di-

lutione to 0.001 sg/mIl. The reported (4) activation peak

of 350 mil and fluorescence peak of 450 m1s.were obtained.

For fluorescence studies, the peak excitetion and

fluorescence'monochrornator settings givs values that are

read from the photometer In percent transmission. The

photomultIplier microphotometer has a meter multiplier"

attachment that allows different resistors to be placed

Into the Input amplification circuit. The relative per-

cent transmission, therefore, is the product of the meter

reading and the meter multiplier; the 1 setting being the

least sensitive and the 0.001 being the most sensitive.

The relative percent transmission for slit width, photo-

multiplier tube or pH or solvent must be recorded, since

a change In these values will give a different value for

the percent transmission. The selection of the photo-

multiplier tube depends upon the peak fluorescence or

emission wavelength, with the 1P28 tube being more sen-

sitive at the lower wavelengths than the 1P21 tube.

Blank solvent values are determined. The plot

-6m
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Figure 1, Calibration Curve of
Log of Relative % Transmission
v, Log of Concentration of Qui-
nine.In 0.1 N H2804, 1P21 tube,
Sift #3.
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of the log of relative Intensity of the sample, minus

relative Intensity of the blank versus log of concen-

tration should be linear over some range of low con-

centrations. For example the plot of the log of rel-

atIve percent transmission versus the log of concen-

tration of quinine Is shown In Figure 1,

D, General Method for Preparation of Tetrazolium Salts,

A review of the most important methods for the-prep-

aration of tetrazollum salts Is given In a number of Mas-

ter's.theses (5) of the Graduate School of Brooklyn Col-

.lege.. in Ninehamls article In Chemical Reviews.(6) and

In Zdenek'e review (7)o

The general method followed In the present Investim'

gation may be outlined by the following steps:

(a) Pr.eparation of a substituted hydrazone by the reaction.

of phenylhydrazlne or substituted.phenylhydrazine and an

aldehyde:

I C HO + 2. NHNHZ -.7 FCH =NNHR (R)

The superscripts R5 and R2 are used to denote the positions

of the radicals In the tetrazolt ring which Is ultimately

formed as shown In Structure (2).

"-7-
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V=N-4 (2)
+ x = halogen

(b) Reaction of the hydrazone with a diazotized amine at

alkaline pHs Inspection of Structure (2) indicates that

the radical R5 io derived from the aldehyde reacted with

the hydrazine; R2 is. derived from the radical of the hy-.

drazine and R3 Is derived from the diazotized amine which

is reacted with the phenylhydrazone to produce the form-
azan as shown in Structures (3), (4) and (5):

L "R3IN 2•.+HNOz IHX -0- R N -.. (3)

,:. 2•N•.)( + 0ý4" -p.•-NN-OH .+'X"
S(4)

v N NW

R-8-
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(c) The formazan thus obtained is Isolated, purified and

then oxidized to close the ring and yielo'the tetrazolium

salt:

R N- Rs-C N•-P (6)

N --__ N R3 . _R-4.+

(d) The final step is the Isolation and purification

of the tetrazollum salt. In practically all cases the

salt was the chloride3 though In a few Instances the

bromide was prepared.

For the preparation of the ditetrazolium salts the

same general method was employed except one mole of a

tetrazotized dlamIne was used In place of the diazotized

amine and 2 moles of the hydrazone as shown In Structures

(7) and (8)s

R RiN/ C(7)
3 I /

R -(N -N-OH) 2  N -- N -I--N =N

AClON H+Cl-

-- 9-
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Typical preparations and discussion of the problems

encountered In this phase of the Investigation are given

In Sections VII and VIII,

-10-
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SECTION III

PREPARATION OF FLUORESCENT COMPOUNDS.AND
PRELIMINARY SCREENING

A. Detailed Descrfotlon of Method for Preoaration of

Phthaleins and Sulfonihthaleine.

1. PreparationDof Anhydrous Zinc Chloride. Zinc

chloride was heated until.liquid'in a metal pot and stir-

red until viscous. It was then heated for an additional

10 minutes and allowed to cool[and solidify; crushed with

a pestle until it Is a. fine powder (while hot), and kept

In a dry stoppered vessel, perafinned at the stopper to

keep moisture out* The dry powder was weighed rapidly.

and added to the andensat.Jon mixture and the stock bottle

resealed,

2. Condensation of Anhydride-and Phenol. In an

.8-inch'test tube, 0,02 moles of the anhydride and 0.04.

moles of the phenol were heated until melted, then 4 g,

of the anhydrous zinc chloride was added and heated for

4-5 hours In an oil bath at 120-1400C, At th4spofnt the

melt should be viscous or a solid.

.3T Ioglation of the•.PhtheeIn or Sulfonohthalein.

To the melt 10 fi1l of water was added and boiled. The

mass was poured into 100 mli of water and mixed with 5

ml. of concentrated hydrochloric acid, If the condensate

does not precipitate, It is treated as described below.

The precipitate was filtered and washed twice with 25 ml.

of dilute hydrochloric acid; the residue filtered and

-11-
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heated with 15 ml, of 10% Oodium hydroxide. 50 ml. of

water was added and the soliution was allowed to cool. It

was then filtered and reextracted with sodium hydroxide un-

til colorless, acidified with hydrochloric acid until the

phthalein precipitates$ filtered, washed twice with dilute

hydrochloric acid and then twice with water, and then dried

in an oven at 100 0 C,

If an oil results on disintegration and acidification

of the melt, dissolve In 10% sodium hydroxide by warming

to 501C. Dilute to 500 ml. with water. Warm and stir;

filter and acidify filtrate with hydrochloric acid, allow

to cool and filter residue. Wash'the product with hydro-

chlorfc acid and then water and dry in oven at 10OOC.

B. Fluorescent Comgounds Synthesized.

Table 1 summarizes the substituted phthaletins.sul-

fonphthaleins, and fluoresceins prepared according to the

method described In Section III-A. The first column gives

the laboratory number assigned to the preparation (for

identification purposes); column 2.gives the anhydride

and column 3, the phenol used In the condendations It

will be noted that no attempt has been made to give chem-

ical names to these condensation products, though struc-

tures.and names have been entered In the notebooks of the

project and also in some of the progress reports. The

reason Is that no attempt was made to Isolate a pure com-

pound, determine Its constants and establish Its Identty

-12-
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except in the case of those compounds which exhibited

greater fluorescence intensity than fluorescein, Such

compounds are treated In detail In Section IV.

TABLE 1

LIST OF SUBSTITUTED PHTHALEINSO SULFONPHTHALEINS AND
FLUORESCEINS PREPARED

Lab, No* Anhydride Phenol
(Used In the Condensation)

100 gý-su Ifobenzoic 4,4 bls (4-hydroxyphenot)
pentanoic aci OA

101 phthallc it,(PA

102 tetrahydrophthal ic

103 tetrachlorophthalic

104 tetrabroniophthattc

105 &-sutfobenzoic 4,4 big' (3.5-dichloro-4-hym
droxyphenol) pentamoic aci~d
(tetrachioro DA

106 phthalic DA

108 tetrachlorophthaifc

109 tetrabromophthalic

110 &-sulfobenzolc 4 4 bis (3,5-dibromo-4ý-hydrox-
ylphenol) pentanoic acid

ill phthselc i

113 tetrachlorophtheltc

114 tetrabromophthalic

115 g&-sulfobenzoic Ethyl 4j4 bis (4-hydroxyiphen-
01) pentanoate (OPA ethylester)

116 phthalic

117 tetrahydrophthal Ic

118 tetrachlorophthatic

-13-
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TABLE 1 (continued)

Lab. No. Anhydride Phenol
(Used in the Condensation)

119 tetrabromophthallc Ethyl 4,4'bis (4-hydroxylphen-
ol) pen tanoate (DPA ethylester)

120 S-sulfobenzoIc 4,4 .bis (2,6-ditert-butylphenol)

121 phthallc

123 V-suIfobenzoic 2,6-ditert-buty l-a-methoxy-V-
cresol

124 phthalic'

* 125 tetrahydrophthaltic

127 phthalic 2,6-ditert-butyl-a-dimethy -
* am vilo-a-cresol

129 &-pulfobenzolc 4,4-methylene bis (3-tert-
butytroacredol)

130 phthaltc.

131 tetrahydrophthallc

133 tetrabromophthalic 4,4-methylene. bis .(6 tert-
butylphenol)

138 tetrabroomophthalic resorclnoil

C. Prelfminpry Screenina of the Compounds Svdheelzed.

1. j Methd. The general method employed for rapid

screening of the fluorescence was to the'lower limits of

fluorescence upon dilution, using the general method out-

"lined in Section II-B. The initial solution In 01 N NaOH

containing 1 mg/ml, was diluted with water by. a factor of

ten until a solution was obtained which upon Irradiation

with the hand UV-lamp failed to show any fluorescence. The

*, -14-
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solution which showed barely noticeable fluorescence was

noted as the lower limit and expressed either as mg/ml, or

jig/m I.

2, Results 2f Screenlna. Table 2 gives a summary of

screening tests of the 20 compounds synthesized:

TABLE 2

SUMMARY OF SCREENING FOR FLUORESCENCE OF
SUBSTITUTED PHTHALEINS SULFONPHTHALEINS

AND FLUORESCEINS
pH of

Compound Lower Final
Lab. No.t Sg IentL RLmelt Dilution

100 .,1N NaOH + 0.03 jig/mI 4.69
CHCl
C2HOH +

101 .IN NaOH + 0.6 jig/mt 10,78
CHCI3 +
C2H5 OH +

102 .iN NaOH + 1.0 mg/ml 11.1
CHCI3 +
C2H5OH +

103 ?IN NaOH + 0.01 jig/m1 6.6
CHCI3
C2H5OH +

1o4 *1N NaOH + 0.96 stg/m1 7.2
CHC 1 +

C2H58H +
105 ,IN NaOH + 0.75 1ig/mi 11

CHCI• +

C2H5OH +
106 .1N NaOH + 0.5 jg/ml 11,40

•CHCl3 +
C2H5sH +

108 ,IN NaOH + 0.01 ISg/mi 10.00
CHC13 "
C2H5 OH -

109 .IN NaOH + 0.25 sig/ml 11.25
CHC1 +
C2H5 .H "

110 1N NaOH + 1.5 sig/ml 11.40
CHC +
CjH50H +

111 .1N NaOH + 3.0 11g/m I 11.45
CHCl +
C2H58H +

-15-
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TABLE 2 (continued)
pH of

Compound bLower Final
Lj.N~ Solvent LIM~ JJMR2.. jilIut Ion

113 .1N NaCH +3.0 Pig/ml 11.-50

CHC12

115 .* 1N NaOH + 1.5O pag/ml 91.0

CHC13+
02H50H +

116 O1N NaCH + 0,48 u~g/m. 1 10.20
CHC13 +
C2H50H +.

M1 .lN'NaCH + 0.09 iig/ml 8.51
CHC ~ +

118C2111H +.
1181N 5NaOH + 0.09 p.g/ml 92

*C2H5 H +
1120 IN NsOH +0 1.75 iig/m. 10.50

CHCI
121 ~C2H'8H 1.1.5
1201N NaSH +1. liag/mF 15

C2H5'8H-
123 .IN NaGH +. 0.37 p.g/m 11.40

CHC I34

123 N5aCH +. 0.18 ixig/ml 101,0
CHC13 +'
C2H 5 0H +

125 ?1N NaCH' 0.38 iig/ml 90.15
*CHC1i3

CHCl +
C2H59H +

129 .IN NaCH 5.+gm 13

C2H5&8 .4
130 .1N NaCH + .5 lig/ml 11.60

C2H58H +4

131 .IN NaOH + 20.0 j.ig/ml 11.41

C2H5 H +.

DA- 18-064-404-CML-495



TABLE 2 (continued)
pH of

Compound Lower Final
Lab. Noes Solyent Resultb LiMIt. DOlutlon

133 .1N NaOH + 10.0 ttg/ml 11.45
CHCI 5  +
C2Hr;OH +

138 oN NaOH + 0.005..ig/ml 5.80.CHCI3 4C2H5'aH

a For nature of compound, see number In Table 1,
b + = fluorescence, - = no fluorescence, at a concen-
tration of 1 mg/ml.

c The concentration below which fluorescence fades,

0. Tentative Conclu.lon from Screening Tests for Fluores-

cence.

In attempting to evaluate the data summarized in Table

2, It should be noted that though the products were not

purified-and their structure not determined that it is pos-

sible to discern certain trends. Though the pH of the sol-

ution changed from about 12.45 to that noted In column 5 of

Table 2 (which in most cases Is In the alkaline range) one

may make the reservation that some-compounds. might fluor-

esce more strongly'at some particular pH's than the one

shown in column 5-of Table 2, At should also be noted that.

It may be more useful to test each product at.various pH

ranges In order to determine the optimum pH for fluores-

cence, However, even with this admittedly limited type of

test, certain trends are clearly discernible which are sum-

marized in the following paragraphs:

1. Generally, fluorescence in aqueous alkali is greater

-17-
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than In chloroform or ethanol. A number of compounds do not

fluoresce In chloroform, but do so in alcohol. It will be

noted that the pH of the diluted solutions at the lower limits

varies from 6-11. This was due to the fact that pH drops as

the solution in 0.1 N NaOH Is diluted.. The solution of com-

pound 138, after dilution, was the same as distilled water:

5.8.

2. Fluorescence decreases a thousand fold or more by partial

-hydrogenation of the phthalic anhydride structure (compare

101 and 102).

3. -Compounds 100, 101, 103, 104, 105, 106, 109, 1101 111,

113, and 114 are related since general structure Is the same

but the substituents vary.

4, Generally eulfonphthaletns are more fluorescent than

phthalein' (compare 100 and 101).

5. Compounds 103 and 104 indicate that chlorine on the

phthalic structure has a greater effect than bromine.

6. The tentative conclusion Is that chlorine has a greater

effect than bromine. Compounds 108 and 109 both contain 8

halogens but compound 108 fluoresces about 25 times more

than 109.

7. Compounds 109 and 113 are tetrachloro and tetrabromo;

compound 109 exhibits about 10 times greater fluorescence

than 113. This effect will be further studied.'

8, In compounds 110 and 111 again we find that sulfonph-

thaleins have twice the activity of phthaleins.

9. The effect of 8 chlorine atoms and 8 bromine atoms is
-18-
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shown by the compounds 108 and 114, The former compound Is

about 15 times more effective than the latter,

10. The effects of oulfonphthalein Is shown by compounds

100, 115, and 116. Esterificatlon decreases fluorescence.

Compounds 102 and 117 are compared. These effects are also

shown in compounds 119 and 120.

11. Compounds 115 and 120 are compared. Both are sulfon-

phthaleins and both have carboxylic ester groups but in 120

we have introduced In the phenol 4 tertiary butyl groups and

the fluorescence Is decreased by 15 times.

12. Comparing 122, 123, 124, 125, 127, 129, 130, 131, and

133, the striking fact emerges that the Introduction of an

a-dimethylamino group (127) decreases fluorescene by a factor

of 1000. The rest of the trands are mainly that the sulfon-

phthaleins are more fluorescent than phthaletns and the Intro-

duction of terbutyl groups do not enhance fluorescence.

13. The most fluorescent compounds are numbers 103, 108,

and 138. The last one Is a saImple fluorescein structure with

4 bromine atoms on the phthallc anhydride molecule. Numbers

1.03 and 108 represent tetrathloro and octachloro phthaleins.

It appears reasonable to expect tetrachlorO and octachloro-

fluorescenn and tetrachloro .nd octachloro sulfonfluoresceins

to be more active.

14. The general conclusion Is that a substituted fluores-

cinn exhibits greater fluorescence than the substituted ph-

thaleins and sulfonphthaleins.
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SECTION IV

SYNTHESIS OF COMPOUNDS HAVING GREATER ELUORESCENT
INTENSITY THAN FLUORESCEIN

A. Theoretical Conslderations.

Inspection of the structure of a typical sulfonphthal-

emn (Structure 9) and a typical fluorescein (Structure 10)

shows that the main difference between the two structures

Structure 9 Structure 10

Is that the two phenolic rings (B) combine by an oxygen

bridge to form another six-membered ring designated by (C)

In Structure 10. It was assumed thereforet that the Intro-

duction of this new six-membered structure permits a greater

extended resonance and hence a greater Intensity In fluores-

cence. It was further assumed that If this assumption was
ncorrect, further extension of resednce could be Introduced:

By introducing polycyclic structure at the region (A)

of the molecule (Structure 10), by using a dicyclic or a

-20-
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tricyclic acid anhydride or at the region (B) of the mole-

cule by using a dIcyclic or a tricyclic phenol. Therefore,

a number of preliminary runs were made using first naphthalfc

(1#8) anhydride with resorcinol and later quinoline anhydride,

and then various naphthalene diols.

B. Synthesis of Complex Fluoreaceins.

Table 3 summarizes the condensation products obtained

by reaction-of polycycllc acid anhydrides with resorcinol

*and also with polycyclic phenols. Table 4 gives a summary

of a few exploratory runs to determine whether fluorescent

products could be obtained by reaction of q, and M-phenylene

c4amfnes and acid anhydrides in accordance with the following

postulated equation for a-phenylene diamine:

• 4(11)

-21H 2
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TABLE 3

SUMMARY OF COMPLEX FLUORESCEINS PREPARED BY REACTION
OF POLYCYCLIC ý ANHYDRIDES AND MONO AND DICYCLIC

PHENOLIC COMPOUNDS

Lab.
Noe Anhydride Phenol Remarks

(Used in the condensation)

230 1.8-Naphthltic Resorcinol 0.0008 l1g/mla

231 1,8-Naphthallc 1,3-Naphthatenedtol Poor fluorescence

232 1,8-Naphthal Ic 1,4-Naphthalenedlol Poor fluorescence

233 1,8-Naphthallc 1,5-Naphthalenediol Poor fluorescence

234 1,8-Naphthallc 1-Hydroxyanthra- Poor .luorescence
qu I none

235 1,8-Naphthalic 1,8-Dfhydroxyan-
thraquinone Poor fluorescence

236 1,8-Naphthalic 8-Quinol nol Poor fluorescence

237 1,8-Naphthallc 4-(I-Nitrophenyl- .Poor fluorescence
azoo resorcinol

SLower limit of fluorescence detection.

TABLE 4

SUMMARY OF CONDENSATION PRODUCTS BETWEEN q, AND r-PHENYL-
ENEDIAMINES AND 1,8-NAPHTHALIC. ANHYDRIDE

Lab Ug aming M.4 AW FeMab Lo 3.LwrLimiti
c370 420 J014- /l258 M-phenylene 50C* 500 525 10. 4/ml.d Soo 525 10M8O /l

259 q.-phenylene 3500C+ 350 395 10-6 g/ml.

S Activation monochromator
b Fluorescence monochromator
C In O.IN NaOH
d Poor solubility In NaOH so 10 mgs first dissolved in

15 ml, of 6N HCI and brought to 1 liter with O.IN NaOH.
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C-,. 8reenlna of Comolex Fluoresce•es.-

U The method of screening was the some as described in

Section III-C. Of the compounds listed In Table 3, naphthol

fluorescein and also the condensfeof phthallc anhydride and

brominated resorcinol showed the most promising fluorescence

In that the lower limits of detection were far lower than

that of fluorescein. In fact, even the crude naphthol fluor-

escein showed lower limits of detection below 1 x 10-12 g/ml.

Therefore, a systematic study was undertaken to obtain a pure

naphthol fluorescein and determine its properties,

Other interesting compounds were synthesized at a later

date from p-recorcylic acid and anhydrides. The main fluor-

escent fractions are shown In Table 5.

TABLE 5

SUMMARY.OF CONDENSATION PRODUCTS BETWEEN 0-RESORCYLIC
ACID AND NAPHTHALIC AND PHTHALIC ANHYDRIDES

LabsLab Anhydride .. L& A_.. Lower-Limit

253 Phthalle 319-320*C 290,320, 525 10-19 g/ml.
380,475

(370) (475)

254 1,8 Naphthalic 198-2016C 290,380 525 no data

(380 (420)
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D& Preparation and Purificatlo of Naohthol fluorescetn.

1,. Natureof tbe possibIl products-in the condensation

of naohthaligcanhydride and regorcinol. There are a number

of possible structures in the condensation of naphthalic an-

hydride and resorcinoflas shown by the following formulas:

H°O OH (12)

OH 4'00 ýz0l11P

That the .naphtholfluorescein prepared according to the method

described In the following subsection consists of. several

action products of the condensation of naphthalic anhydride

and resorcinol.
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2. Preparation of naphtholfluorescein. Recently an

old reference to the synthesis of naphtholfluorescein was

found (8) and this method does not differ markedly from the

conditions that have been described here. Using three 8"

test tubes as reaction vessels, a total of 24 grams (.062

moles) of 1,8-naphthalic anhydride and 27 grams (.25 moles)

of resorcinol were heated to 190-2006C. After the addition

of ZnCl, the reaction vessels were heated for 4 hours. The

crude yield was 16.5 grams. This was fractionated by dis-

solving In 5% NaOH at room temperature, filtered and treated

with 6N acetic acid until a product precipitated (A - brown).

After one hour, the mixture was filtered and 6N acetic acid

added to give precipitate B (orange-brown). The filtrate

was evaporated under vacuum to yield precipitate C (red-

orange),. Approximately equal quantities of A and B were ob-

tained and only.small quantities of C. Fluorescent studies

are given in Table 7.

Another method of naphtholfluorescein synthesis, using

the acid chloride of 1,8-napthalic anhydride, has been re-

ported (9).

3. Chromatooreahic Separation of the comoonents of

crude fluorescgin. A solution of 10 jii. representing 5 jig.

of fluorescein was chromatographed on Whatman #1 paper,

using ascending technique with 3% NaCl, 5% phenol and O.IN

aqueous NH3 (1:1:1) as the developing solvent.

The spots obtained has the following characteristics:

-25-

DA-18-0 6 4-404-CML-495



Rf

Spot A .20 - red and nonfluorescent

B e62 - yellow and fluorescent

C .90 - dim blue and fluorescent

The material was fractionated In the same manner as

maphtholfluorescein and the fractions A and C are shown In

Table 6 with C possibly being the yellow form of p fluores-

coin (10) and A being '6 fluorescein (11).

TABLE 6

FLUORESCET. DATA ON VARIOUS FLUORESCEIN FRACTION-
ATION PRODUCTS

-A. _Ae Umjt M.P.

fluorescein A 290,320 515 10-13 g/ml.. r to br at
380:475 250*C

no mep, at
350C0+

fluorescein C same same W0"18 g/ml. y to r at
.21OC
m,p, 305-70C

4. Fractionation of crude na6htholfluoresceln, This

product is described In Section 0-2. The physical constants

are given In Table 7. A plot of the log of concentration vs.

log of relative percent transmission.Is shown In Figure 2,

for the peak activation (500 mis) at'the peak fluorescence

(525 mo). The expected Beer's Law curve Is seen from 10-6

g/ml. to 10-10 g/ml. Below this concentration, there Is

detectable but erratic fluorescence (see also Section IV),

"-26-
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Figure 2.
LogTReo. Plot of Log Relative %
% T Transmission v. Log of

Concentration for Naph-
thol Fluorescein at FM
525 mp. and AM 500 mi -
1P21 tube 0.1 N NaOH

Slit-#3

0-

-1 -

-2

Log Conc. g/ml.

-20 -18 -16 -14 -12 -10 -8 -6
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TABLE 7

PHYSICAL CONSTANTS OF NAPHTHOLFLUORESCEIN FRACTIONS

a
A.M. - fj Lower Limit HL . I.R. M,.P.,

A 290,320,380 525 10-13 g/ml. .74 2,7-3;3t350OC÷ - no
475,500 slight melting

.B same 525 10"21 g/ml.b .62 2.7-3_, 225-284C
strong

C same 525 .61 -- 350C+ - no
melting

a Oo1N'NaOH as a solvent.'
b In O.O01N NaOH, only 10"12 g/ml.

Carbon, hydrogen and oxygen analysis was performed on

a naphtholfluorescein crude that was purified byprecipitation

from a methanol-ether solution by addition of water, This

product was probably a mixture (m.p, 2930C) but the data

Indicates that the assumed formula is correct or nearly

correct,

C24H140 5  molecular weight 382.4

% C % H % O Total

calculated 75.35. 3.68 20.97 100.00

found 72,26 3,99 20.1 96.35

Pu.PUrification of naphtholfluorescein by acetylation
and bengzoYlatfonfollowed by tdrli , It Is expected

that naphtholfluoresceln having several free hydroxyl groups

would react with acetic anhydride and with benzoyl chloride
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and_.yield the corresponding acetyl and benzoyl derivativea,

these can be purified by crystallization until fractions

with constant physical properties are obtained, then hy-

drolyzed to pure naphtholfluorescein.

(a) Acetylatlon ofnaohtholfluorescegtn. Naphthol-

fluorescein was refluxed for 4 hours with acetic anhydride

and pyridine. The cooled reaction mixture was poured into

ice water and filtered (rep, of 108-130C. for the dried

product). It has the same fluorescence maxima as naphthol-

fluorescein, but lacks one of the activation peaks (320 mvi)

and has a lower limit of 10-15 g/ml.

Hydrolysis of the acetylated compound was attempted

by heating at reflux. for one hour with 10% NaOH. The cooled

reaction mixture was precipitated with 6N HCI and the pro-

duct was filtered and dried (m.p. 178-84 0 C.). This mel-

ting point ts similar (1910C.) to that obtained by A, Ter-

risse (8) for the mono acetylated naphthol fluorescein.

I.R. data on the hydrolyzed compound indicates strong

absorption at 2.7-2.9 (OH peak).

(b) Benzoylatton of naohtholfluorescen., Naphthol-

fluorescein (1 gm.) was dissolved In 10 ml. of 10% NaOH

and 0.8 gm. of benzoyl chloride was added. The contents

of the tube were shaken for 20 minutes and then allowed to

cool. An oily mass resulted that was separated from the

liquid layer and dtasolved in 5% NaOH and filtered. The

filtrate (I) was precipitated with dilute acetic acid, fil-

tered again to remove the precipitate A and the filtrate (11)
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was treated with acetic acid until a second precipitate B

resulted. This orange precipitate was filtered and dried.

The filtrate (III) was again treated with acetic acid and

the third precipitate C was obtained. In 0.1N NaOH only

B showed appreciable fluorescehce when irradiated with a

3660 A lamp. All three compounds are ohosohorescent. B

was assumed to be the benzoylated compound, on the basis

of I.R. data, with a melting point of 121-122*C. and a lower

limit of fluorescence detection of 10-15 g/ml. Rf values

were determined for this compound using 5% phenol, 3% NBCl

and 1% NH3 In aqueous solution as the developing solventz

Rf = .73. This compound was redissolved in 5%NOi and re-

precipitated with acetic acid. No spot could be located

on paper chromatography with this compound. The original

.73 Rf spot was assumed to be naphtholfluorescein.

Attemped hydrolysis of benzoylated naphtholfluorescein

using 10% NsOH and heating for one-and-a-half hours gave

a product with the same physical properties Indicating DI

hydrolysis. 6N HCI gave no Indicated hydrolysis products.

It Is believed that benzoylation of naphtholfluores-

cein takes place at both phenolic sites and at the carboxyl-

ate ion. This was checked by benzoylation of naphthalic an-

hydride which gave a product; this test was negative for at-

tempted acetylation.

There is an I.R. peak that is found for the benzoylated

product but not for the acetylated. Benzoylation of the acet-

ylated product does, however, show this peak.
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SECTION V.

USE OF COMPOUNDS WITH LARGE FLUORESCENCE INTENSITY FOR
DETECTION OF ORGANIC COMPOUNDS BY TAGGING

A* Theoretical Considerations.

One of the chief objectives of the present investiga-

tion Is the preparation of a fluorescent compound which will

react rapidly with small quantities of protein and/or nu-

cleic acids. Thefluorescein molecule itself Is not expected

to react with proteins or with nucleic acid. However, It

offers good possibilities as a basic structure on which to

attach fu-nctlonal arouDs known to be reactive with proteins

and/or with nucleic acids. Among the functional groups which

have been considered to be introduced into the basic struc-

tures, the following have been tentatively assigned priority

for investigation:

(a) Introduction of sulfonic acid groups

(b) Introduction of a nitr_ group which then could be con-

verted to an amino group by reduction

(c) Conversion ofthe amino to a dazonfum group stabilized

by.a fluoroborate ion to form a relatively stable salt

(d) Conversion of the amino group to dtmaehylaming

(e) Conversion of theakwno group to an .socanede, and par-

ticularly to an fogthlocyano e (12) function

(f) Conversion of the sulfonic acid to the N-dlmethylsulfon-

amide - S02 N (CH3) 2

Some progress has been made In this direction as described

in the following pages.
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B. Sulfonation of NaDhtholfluorescetn.

J1 EN£loratory runs in the sulfonation of nfaohthol-

fluorescein., (a) Naphtholfluorescein (2 gms.) was heated

for 2 hours at 60C. with 12 ml. of 20% fuming H280 4 , poured

Into cold water and precipitated as the calcium salt. This

solution was evaporated to dryness and the product gave a

positive test for sulphur by sodium fusion techniques.

Paper chromatography indicated a number of products. There

was no success In attempted isolation of these products.

(b) The above procedure was modified using 6 ml, of

20% fuming H2 804 and the product was precipitated as the bar-

ium salt. A positive test was given for sulphur and two spots

were obtained by paper chromatography. Analysis for sulphur

indicates 2.54%. A formula of C48 H2 6 01 6 BOS2 would have

6.05% sulphur. This compound on this basis is obviously

contaminated.

(c) The same procedure as (b) except that the temper-

ature was 80-1006C. Analysis for sulphur indicates 4.96%.

Purple crystals were obtained in (b) and (c).

(d) The sodium salt was precipitated after a reaction

at 120-1404C. for three hours with 20% fuming H2 804. A red

compound resulted that gave a positive test for sulphur.

2. Proojected [xperImentatlin. In process is sulfona-

tion using the most fluorescent naphtholfluorescuin which

will be isolated as Its sodium salt.
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C. Nitration of Naohthalfluorescein,

Two different methods of nitration were used. One

analogue to phthalic anhydride nitration (103) yielded a

product with a melting point of 222-225 0C. The second

method was a nitration of acenaphthenequinone and oxidation

to give 4-nitro naphthalic anhydride. Literature values

for this melting point are 220G (14) and 230C. (15).

The obtained melting point of 211-214* indicates that this

product might be contaminated with the 3 nitro Isomer (16).

I,R. spectra for both synthesis products were similar.

Attempted synthesis of nitro naphtholfluorescein from

resorcinol and nitro naphthalic anhydride gave a compound

that did not melt at over 3506C. This will be purified

for further synthesis. Also the characterization of both

nitro starting materials is in progress.

SECTION VI.

PROBLEMS ENCOUNTERED IN THE PREPARATION, PURIFICATION
AND DETERMINATION OF ACTIVITY OF FLUORESCENT COMPOUNDS

Only a brief summary can be given on this topic, since

any extensive discussion would involve considerable space.

However, for the purpose of this report the following pro-

blems may be listed with some remarks as to whether the

problem has been completely solved,

1. The selection of the proper catalyst for the con-

densation of both phtheleins, sulfonphthalein, and fluores.

cein-tYpe of compound: Though we have used ZnCI 2 exclus-
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ively, there is no doubt that the condensing agent gives

rise to other products which are diffIcultto remove. Con-

densation without a catalyst, even with greater heating

time, has failed to give any appreciable yield of conden-

sate.

2. It Is quite certain on the basis of available data

that at least two isomeric naphtholfluoreaceins are formed.

One fraction shows stronger -OH absorption bands In the in-

frared spectra, than the other. This ts believed to have

both hydroxyl groups free as shown In Structure 10, Section

IV-A. More work is required for the final characterization

of each Isomer.

3. A more basic approach is needed to the correlation

of chemical structure and fluorescence. Work has been

started in this direction by Lt. Miller at Fort Detrick

Laboratories,

4. A better method for the Introduction of sulfonic

acid groups Into fluorescent compounds is needed and work

is in progress towards that direction,

5. Finally, the measurements of fluorescence at ex-

tremely low concentrations (1 x 10-12 to 1 x 10-18) and

even below must be carefully scrutinized. For example,

If we assume a molecular weight of 382 for naphtholfluor-

escein, then If we get a signal at a concentration of

1 x 10-18 g/ml, we are dealing with about 1560 molecules

and If we get a signal at 1 x 10" 2 1 , the number of mole-

cules Is only 1.56 --- a very unlikely behavior. The
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results at low concentrations are very erratic.

The possibility that molecules are trapped In pockets

in the glass and are not transferred In dilutions must be

considered. Experimentation using broken glass In low con-

centration fluorescent solutions to absorb fluorescent mole-

cules Indicates that this 1I a factor. This absorption ex-

perimentation and the attempted coating of glass with all-

icones 18 In progress. Proper mixing is a very important

factor at low concentration and this might be part of the

absorption factor.

Glassware should be cleaned In hot nitric acid and

rinsed with distilled water and then blank solvent. DI-

chromate cleaning solution and soap solutions should be

avoided.

SECTION VII.

PREPARATION OF TETRAZOLIUM SALTS

A, Plan for the Preparation of Formazans.

The general method for the preparation of formazens

was outlined In Section II-D. In the present section a

list of all the formazans which have been planned will be

given and typical preparations will be described, as well

as the difficulties encountered in the isolation, purifi-

cation and characterization of the product,

Table 8 gives a summary of the monoformazans and the

corresponding tetrazollum salts that have been scheduled

for preparation. Compounds Laboratory number 533 to 553
-34D
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inclusive were suggested by Lt. Miller of Fort Detrick Lab-

oratories. Table 9 lists the diformazans and the corres-

ponding salts that have been scheduled for preparation.

One plus (+) before the number of the compound Indicates

that the formazan has been prepared and purified, Two

pluses (++) indicates that the formazan has been converted

to thetetrazollum salt and the compound Isolated and sub-

mitted to Fort Detrick Laboratories for further study,

TABLE 8

j MONOFORMAZANS AND TETRA-
(15) ZOLIUM SALTS LISTED FOR

- ,PREPARATION 8

tCv
Lab. Radicals in Po Itions Indicate

++500 Phenyl Phenyl .- Tolyl

++501 p-AnisyI Phenyl .- To lyl

++502 Methyl Phenyl Phenyl

++503 Phenyl Pheny I .- Tolyl

++504 Phenyl Phenyl Phenyl

.++505 Piperonyl Phenyl -Anlsyl

++506 Pheny'l Phenyl -Anisyl

++507 Pheny I Pheny a-Naphthyl

508 PiperonYl Phenyl Phenyl

+509 Piperonyl Phenyl 9-Tolyl

510 Piperonyl Phenyl p-ToIyf

+511 Phenyl Phenyl M-Tolyl

+512 Pheny! Phenyl .- Anisyl
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TABLE 8 (continued)

Lab, Radicals In Politions Indiate
NoR R-dR

+513 Phenyl Phenyl p-Naphthyl

+514 Plperonyl Phenyl -.Tolyl

+516 Piperonyl Phenyl gý-Anfsyl

517 Piperonyt Phenyl a-Naphthyl

+520 L-AnlsyI Phanyl L-AnisyI

+521 V-Anisyl Phenyl a-Naphthyl

+522 -An ey I Phenyl Phenyl

+523 Phenyl p-Nttrophenyl Phenyl

+524 a-Nltrophenyl PhenylI PhenylI

+525 Phenyl Phenyl L-Nitrophenyt

527 -a-Propyt Phenyl Phenyl

528 -Piperonyl aý-Nttropheflyl Phenyl

529 Piperonyl V-N~trophenyl &:.An isy I

530 Piperonyl 2ý-Nltrophenyl L-Nitrophenyl

531 2a-AnlsyI 2.-N it rop henyt I -AnisyI

532 -An isy I 2j-Nitropheny I 2ý-Nltrophenyl

533 L-Nftrophenyl Phenyl Phenyl

534 gj-Nitrophanyl Phenyl Phenyl

535 Phenyl 2.4-Dfnitrophenyt Phenyl

536 L-NitrophenyI 2.4-Dinfttophenyl Phenyl

53? 2ý-NitrophenyI 2,7NItrophenyl Phenyl

538 a-Anfsyl Phenyl Phenyl

539 M7Aniuyi Phenyl Phenyl

540 Phenyl V-Nitrophenyl &-Nitrophenyl
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TABLE 8 (continued)

Lab, Radicals In Positions Indicated
NO. R5  R2  R3

541 a-Naphthyl Phenyl Phenyt

542 9-Anthrnayl Phenyl Phenyl

543 Ethylene Phenyl Phenyl

544 &-AminophenyI Phenyl Phenyl

545 W-Aminophenyt Phenyl Phenyl

546 L-Aminophenyl Phenyt Phenyl

547 Phenyl Methyl Phenyl

549 ia-Hydroxypheny! Phanyl Phenyl

550 &-Chlorophenyl Phenyl Phenyl

551. L-Fluorophenyl Phenyl Phenyl

552 P-Carboxyphenyl Phenyl Phenyl

553 2.-Thlophenyl Pheny I Phenyl

++554 Phenyt I-NItrophenyl -Iodophenyl

a + : Formazan prepared and purified; ++ = Tetrazolium
salt prepared and purified.
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TABLE 9
DIFORMAZANS AND DITETRAZOLIUM SALTS1< LISTED FOR PREPARATION

Lab.,_ -

NNO Trivial Name R2 , 2' R5. 5' R

++703 Regular Tetrazofturn Phenyl Phenyl g.-Dimethoxy-
Blue bipheny lene

++705 Qý-Anfsyl Blue Phenyl p.-Antayl q-Dimethoxy-
Sbipheny lene

++706 Piperonyl Blue Phenyl Piper- g.-Dimethoxy-
any! biphenylene

++707 Veratryt Blue Phenyl Veratryl g-Dimethoxy-
biphenylIene

++708 M-Nitroneotetrazo- Phenyl In-Nitro- Biphenytene
fturn chloride phenyl

++709 Neotetrazollum Phenyl Phenyl Biphenylene
chloride

++710 L-Nitro-blue tet- Ig-Ni tro Phenyl ga-Dimethoxy-
razollum chloride pheny I biphenylene
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S. Deacriotion of the Preparatign of some Monoformazans and

Monotetrazol umr Salts.

1. Preparation of 2.3.5-triohenyl tetrazolium chloride

(lab. no. 504). (a) Preparation of 1he formazan. 94 ml.

of aniline, 125 ml. of water and 210 ml. of concentrated

HCI were chilled and added to 100 gm. of ice. This was di-

azotized with a solution of 70 gm. of NaNO2 dissolved In 150

ml. of water. The diazotized material was added to a solu-

tion of NaOH and benzalphenyl hydrazone through a dropping

funnel at O-106C. over a period of 2 hours. The stirring

was continued for an additional half-hour, cooled for 24 hours

and filtered. The NaOH solution was prepared by dissolving

250 g. NaOH in 250 ml. of water, cooling and adding 700 ml.

of methanol. This was added to 200 gm. of the hydrazone In

4 lIters of methanol.

(b) Purification of-.the formazan. The formazan was

washed with 100 mls. of methanol and suspended in a solu-

tion of 250 ml. of methanol and 250 ml. of acetone. After

boiling for 5 minutes, It was cooled and filtered and resus-

pended In 2 liters of boiling water for 10 minutes. At 600C.

It was filtered and washed with 50 ml. of boiling methanol.

The product was dried in a vacuum desiccator.

(c) Oxidatogn of the formazan to the tetrazolium salt.

50 gm. of the formazan was suspended in' 250 ml. of ethanol

and 250 ml. of CHCI3. To this solution 32 ml. of butyl ni-

trite was added and dry HCI gas was bubbled through the

chilled (50C.) solution until It was saturated. The oxi-
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dation is usually complete in 2 hours and the red mixture ts

then colorless. The bubbling was discontinued, but stirring

continued for I hour. Charcoal was added and the mixture

was allowed to stand overnight,

(d) Isolation and purification of the tetrazollum salt.

The solvents were stripped off under vacuum to leave approx-

Imately 20 mlo Methanol (30 ml.) was added, The solution

was boiled with charcoal, filtered and 300 ml, of dry ether

and 25 ml. of acetone were added while the walls of the

flask were scratched until crystals formed. After I hour,

the crystals were filtered and recrystallized.to give a

constant melting point after drying In a vacuum desiccator.

2. Preparatign of 2.5-diohenyl--:-tgolvl tetrazolium

chloride (lab. no. 500). The same procedure was followed

as described In the previous section (B-1) except -tolul-

dine was diazotized.

3. Preparation of 2-p-nitro Phenyl-3-p-Jodoohenyl-5-

phenyl tetrazollum chloride (no. 554). (a) 30 gm. of ..-

nitrophenyl hydrazone was suspended in 1.1 liters of eth-

anol and a solution of KOH (prepared from 35 gm. of base

dissolved in 40 ml. of water which was cooled and mixed

with 150 ml, of ethanol) was added with stirring, a-Iodo-

aniline solution (prepared by dissolving 25 gm. In 30 ml.

of warm water, then adding 35 ml. of concentrated HKit

cooling to 09C. and diazotizing with 10 gm. of NaNO2 in

20 ml. of water) was added over a period of I hour with

stirring and maintenance of OQC. temperature. The stir-
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ring was continued for 1 hour and then the solution was al-

lowed to remain in the cold overnight.

(b) The formazan was filtered and washed with 50 ml..

of methanol and suspended In a mixture of 75 ml. of methanol

and 75 ml. of acetone which was then boiled, allowed to cool

and filtered twice. The solid was suspended in 1 liter of

boiling water for 5 minutes, cooled to 60 0C., filtered,

washed and dried.

(c) 15 gm. of the iodo formazan in 350 ml. of ethanol

and 350 ml. of CHCI 3 with 15 ml. of butyl nitrite was oxi-

dized as In section B-1-(c).

(d). The procedure was the same as section B-1-(d)

except that the tetrazollum compound is precipitated by

adding the alcoholic solution to 500 ml. of dry ether. The

product was filtered and dried; two recrystallizations gave

a constant melting product.

4. Preparation of o-anisyl blue. (a) 125 gm. of p.-

anisaldehyde was dissolved in 500 ml. of methanol and heated

to boiling. To this a phenyl hydrazine solution (120 ml. of

the hydrazine and 250 ml. of methanol) was added while stir-

ring. Yield was 200 gm. 100 gms. of the hydrazone was dis-

solved In 600 ml. of pyrIdIne and cooled to -5*C. The slow

addition of the fast blue salt was performed, stitring over

a period of 5 hours and then stirring for an additional hour

cooled overnight and precipitated with 400 mis. of methanol.

The remainger of the procedure (b,c,d) was the same ae des-

cribed in section B-1.
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5. Preparation of tetrazolium blue. (a) 100 gm. of

benzalphenyl hydrazone was dissolved In 1.5 liters of py-

ridine. To this hydrazone, 440 gm. of fast blue salt was

added over a period of 6 hours while the temperature was

kept at 0-50C. The remainder of the procedure (b,c,d)

was the same as described in section B-1.

6, Preparation of p-nitro tetrazollum blue. (a)

100 gm. of benzal-•-nitrophenylhydrazone was dissolved in

1.2 liters of pyrIdIne, then cooled to -50C. 380 gm, of

blue salt was added to the above solution under very vig-

orous stirring over a period of 4-6 hours. After all the

blue salt was added, the stirring was continued for an ad-

ditional hour. The formazan was allowed to stand in the

cold for 24 hours.

(b) The same procedure was followed as described In

section B-1-(b),

(c) 20 gm. of p-nitro-blue formazan was suspended in

320 ml. of dioxane and 300 ml. of tetrahydrofuran and 32 ml.

of butyl nitrite, cooled to -100C. Then, while otirring,

dry HCI was bubbled Into it until a supersaturated solution

was obtained. It requires about 6 hours for the completion

of oxidation. 8 ml. more of butyl nltitte was added with

charcoal and allowed to stand for 24 hours.

(d) The product was filtered and the solvent stripped

to 30 ml, Methanol (150 ml.) and charcoal were added and

filtered. The filtrate was slowly added with vigorous stir-

ring to a 3 I1ter wide-mouth flask containing 1.5 liters of
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ii

dry ether. The product was filtered, dried and recrystal-
lized to a constant melting point.

(NOTE: The "fast blue" mentioned in Sections B-4 (a)

and 5 (a) refers to stablized a-dfsnlsidine tetra-

zonlum salt obtained from Dyestuff Division of

Koppers Co.)
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SECTION VIII,

PHYSICAL CONSTANTS AND CHARACTERIZATIONS OF FORMAZANS
AND TETRAZOLIUM SALTS AND PROBLEMS ENCOUNTERED

A. Criteria of Purity.

One of the most vexing problems in this phase of the

work has been to establish criteria for the purity of (a)

the formazans and (b) the tetrazollum salts.

1. Monoformazans., The problems encountered with the

monoformazans are not very great though tautomerism Is pos-

sible between the 2- and 3- positions. For example, if one

starts with: benzalphenylhydrazone and reacts It with dia-

zotized a-naphthylamine, the formazan Is Identical to that

formed when one starts with benzal-a-naphthylhydrazone and

reacts It with diazotized aniline, It is assumed that the

hydrogen bond between positions 2- and 3-, as shown In

structure (17) permit tautomerism:

.; - (- . 'I, (CIoH 17)

4-.
N.1-. NZ

In general, the criteria of purity as agreed upon in this

project for the monoformazans are:

(1) No change In melting point after two successive crys-

tallizations.
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(2) No change In 1..R. spectra, maximum U.V. absorption

values and Rf values after two successive crystalli-

zations.

The use of melting point with monoformazans as rapid

criteria of purity in purification by crystallization is

feasible, since generally the melting points are below

2009C. and do not decompose appreciably near the melting

point, though after melting, the crystallized melt obtained

by cooling does not give the same melting point again.

However, there are some Inherent difficulties in the

purification of the monoformazans, particularly if the rad-

Icals on positions 2, 3 and 5 have nitro groups or halogens.

The purification depends on the extent of the reaction be-

tween the hydrazone and the diazotized amine which prob-

ably at the alkaline pH of the reacting medium is the dia-

zotate ion. The solvent and temperaturegand perhapsepH,

have an effect. This is shown by the preparation of the

formazan of 2-g-nitropheny l-3-1-iodophenyl-5-phenyI formazan.

The formazan was prepared by three different methodes In the

first, the usual aqueous-alcohol system with the addition of

aqueous potassium hydroxide was used; in the second, the hy-

drazone was dissolved in pyridIne and the dlazotized V-|odo-

aniline was added; In the third, the hydrazone was dissolved

in dioxane and the diazotized p-iodoaniline was added. Only

the first method gave a formazan which on purification

yielded a product melting at 184-185 0 C which is listed in

the literature.
-45-

DA-¶8-o64-404-CML-495



2. Diformazans. The purification of dtformazans is In-

herently more difficult since besides the desirable reaction

of one mole of tetrazotized diamine with 2 moles of khe hy-

drazone, a monoformazan results at the same time. This has

been extensively investigated by Seligman et al (17) in con-

nection with the preparation of g-nltrotetrazollum blue for-

mazan or 2,2'-di-oV'nitrophenyl-5,5'-dfphenyI-3,3'-(3,3'-di-

methoxy)-4,4-biphenylene diformazan. Seligman's group first

reported that they obtained a mixture of monoformazan mel-

ting at 2100C. and diformazan melting at 2570C. They re-

ported a separation with boiling dioxane In which the mono-

formazan was insolubLe and the diformazan soluble. In a

later paper they changed their directions to continuous ex-

traction for 7 days with boiling benzene. It has not been

possible to confirm the findings of the Seligman group. The

pure diformazan has been obtained by a completely different

method as described in the preceding section and the melting

point of the compound is the same as stated by Seligman et al.

256-2570C.

3. Tetrazollum Salts. The cviterfa of purity for the

tetrazolium salts are even more confused due to the following:

(a) the melting points of the tetrazollum salts are decompo-

sition points and are affected by the rate of heating; (b)

tetrazollum salts solvate, tend to separate as oils, and not

Infrequently crystallize with various numbers of molecules

of the solvent of crystallization. Numerous examples can be

cited that by dissolving portions of the same lot In methanol,

-46-

DA-18-064-404-CML-495



or In Isopropyl alcohol and then precipitating with ether,I products are obtained with different melting points; (c)

j finally, there is the possibility of polymorphism ano pos-

sible stereolsomerism In some of the tetrazolium salts.

All of the above considerations led to a detailed and

exhaustive study of the oxidation of formazans under condi-

tions which will yield products which can be isolated read-

ily, purified and given uniform constants.

It has been found that the following factors play an

Important role during the oxidation of the formazan and

closing of the ring: (a) solvent system; (b) temperature;

(c) presence of water as for example, addition of concen-

trated aqueous hydrochloric acid gives inferior results to

the use of anhydrous hydrogen chloride; (d) evaporation of

the solvent after oxidation under reduced pressure instead

of evaporation in contact with air; (e) method of crystal-

lization. The last point is Illustrated by the purification

of L-nitrobluetetrazolium chloride. The same crude was used.

By varying the method of crystallization, one lot gave crys-

tals melting at 2126C., another at 184-1850C. and the tlird,

crystals that did not melt at 3000C. The lots melting at

184-185* and 212C. gave substantially Identical I..R, spec-

tra. However, there still remains the suspicion that the

two lots may behave differently towards enzyme systems.

These are problems which have to be investigated.
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B. Physical Constants of Formazane- and Tetrazoqium 8alts&

This phase of the work Is still In progress. The data

given In Table 10 are tentative. A large amount of data are

missing because It Is considered a waste of time to determine

constants unless the purity and nature of the compound has

been established. Work on the Rf values of both formazans

and tetrazollum salts is Just beginning.

TABLE 10

MELTING POINTS AND INFRARED SPECTRA OF FORMAZANS
AND TETRAZOLIUM SALTS

Lab, No. N2. Cr.8 M. Pb

500 F' 2 125-8 -

501 F 2 101-3 -

503 F 2 144-6 -

504 F 2 159-61 -

506 F 3 148-51 -

507 F 2 157-8 -

509 F � 142-4 -

511 F 2 124-6 -

512 F 2 146-8 -

1.3 F 3 154-6

514, F 3 160-2 -

515 F 2 101-2 -

516 F 3 159-61 -

519 F 2 118-9 -

520 F 2 116-8 -

521 F 2 120-1 -
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TABLE 10 (continued)

Lab. No. Ng. Cr. M.P..e C) "R

522 F 2 107-8 -

523 F 2 162-4 -

524 F 2 114-6 -

525 F 2 147-50 -

554 F 2 184-5 -

554 Sd 2 194-5 -

703 8 3 252 +

705 8 2 197 +

706 s 2 206 +

707 S 2 199 +

708 8 2 240 +

709 S 25?. +

710 8 184-5
212-13
over 300

a No. Cr. - number of crystallizations of product for
which the value is reported.

b I.R. = Infrared spectra; + = determined; - = not
determined.

c F = formazan,
d S = tetrazollum salt.

C. The Usle of Tetrazoltum Salts for Detection of Radiation

and also fgr Protection Against Radiation.

A complete bibleography of all reported literature on

tetrazolium salts to comtemplated. However, attention should

be called to three papers by Gierlech and Krebs (18) from the

Army Medical Research Laboratory at Fort Knox, Ky. between

-49-

DA-18-064-4o4-CML-495



1949-1952. Copies of these papers are being submitted to the

Physical Defense Olvisionof Fort Detrick Laboratories. The

present author has not seen any further reports on investi-

gatlofn of this angle.

_________Thereforet 
It- is suggested that

some exploratory work should be done with the pure tetra-

zolium salts furnished to the Fort Detrick Laboratories to

determine their possible use in radiation studies.
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